tend to overestimate cognitive defi cits when compared to their caregiver's assessment, AD patients in early stages of disease underestimate cognitive dysfunctions. Anosognosia can thus be regarded as a characteristic symptom at a stage of very mild AD (MMSE 6 24) but not MCI. Accordingly, medical history even in mildly affected patients should always include information from both patient and caregiver.
may negate their severity [2] . Several sociodemographic, clinical and neuropsychological parameters have been proposed to be associated with self-unawareness in AD. Thus a possible infl uence of age [2] and gender [5, 11] , but not education [8, 10, 11] , on anosognosia has been described (but see Vasterling et al. [8] and Gil et al. [10] for different results concerning the factor age). Some studies found covariance of anosognosia with cognitive functions such as memory [2, 12] and executive functioning [13] [14] [15] . Depression [12, 16, 17] and anxiety [2, 16] have been reported to be inversely related to anosognosia, while agitation and disinhibition are positively correlated to underestimation of dysfunction [16] . Whether longer duration of illness is accompanied by increasing self-unawareness is still under debate [5, 10, 18] . Another important issue is the possible relationship between anosognosia and severity of dementia. Most [2, 3, 5, 10, 15, 16, [19] [20] [21] but not all [13, 17, 18, 22] studies documented signifi cant correlations between self-unawareness and overall cognitive functioning in AD, usually operationalized with the Mini Mental State Examination (MMSE [23] ) or Clinical Dementia Rating Scale (CDR [24] ). For clinical purposes, it appears important to concentrate on AD patients in their earliest stages (MMSE scores 6 24) or to examine how representative reports of dysfunctions are in patients with mild cognitive impairment (MCI) which is often regarded as a (pre-)clinical stage of dementia [25, 26] . A high percentage of these patients converts to dementia, most often to AD [27, 28] . In a longitudinal design, Tabert et al. [29] observed that unawareness of functional defi cits (activities of daily living -ADL) exists in MCI patients and that it strongly predicts conversion to AD. However, MCI patients with impaired daily living activities might already be considered as very mild AD, and the question remains whether self-estimation of other domains such as cognitive functions is reliable in MCI patients.
The aim of our study was to assess awareness of cognitive dysfunction in patients with very early stages of AD (MMSE scores 6 24) and in subjects with MCI. We further investigated possible correlations of anosognosia with ADL and depressive symptoms -two factors which are both clinically relevant and have proven to be related to self-awareness in AD. For these purposes, a semistructured complaint interview on cognitive domains was administered to patients and caregivers. Using a method which has been established in previous studies [2, 13, 18] , the discrepancy between the two reports was taken as a measure of anosognosia.
Materials and Methods

Subjects
We included patients meeting criteria for dementia according to DSM-IV [30] as well as NINCDS-ADRDA criteria [31] for probable AD. Severity of dementia was mild in all cases with MMSE scores of 6 24. In a second study group, subjects meeting Petersen criteria [32] for MCI were enrolled in the study. Petersen criteria are (1) subjective memory complaint as elicited by medical history, (2) normal activities of daily living as reported by patients and caregivers in medical history, (3) normal general cognitive function defi ned as cognitive performance within the range of 1 standard deviation (SD) of normative data in an extensive neuropsychological test battery (see below), (4) abnormal memory for age documented by performance of at least 1 SD below mean normative data in the delayed recall condition of the used verbal or nonverbal memory task (see below), (5) not demented according to DSM-IV [30] criteria and excluded by fulfi lling criteria 2 and 3, and (6) absence of psychiatric symptoms assessed during a clinical interview with the patient and a caregiver, and operationalized by the Neuropsychiatric Inventory [33] . The groups were comparable for age, education, and gender. All subjects were recruited in outpatient memory clinics or by referral from general practitioners in a multicenter study of the 5th EU Framework Program Network for Effi ciency and Standardization of Dementia Diagnosis (NEST-DD) and gave their written consent according to the study protocol that had been approved by the institutional ethics committee. All patients underwent an extensive neuropsychological, neurological, and physical examination (laboratory tests for thyroid function, vitamin B 12 level and folic acid level), and structural and functional brain imaging techniques (magnetic resonance imaging and 18 F-FDG positron emission tomography). Exclusion criteria for the study included head trauma with permanent brain lesion, hypothyroidism, epilepsy, evidence of psychoactive substance abuse, and systemic disease that could account for disturbance of brain function. For each patient a caregiver or relative, usually spouse or adult child, living with the patient or seeing him weekly, was identifi ed and administered the psychological scales and complaint interview.
Cognitive Testing and Psychological Scales
The MMSE [23] was used as a global measure of the cognitive status. The neuropsychological test battery included tests for different aspects of memory (California Verbal Learning Test (CVLT) [34] , delayed recall of the Rey-Osterrieth-Figure (ROF) [35] , digit span forward and reverse [36] ), speed of information processing and executive functioning (Trail-Making Test A and B [37] ), visuoconstructive abilities (copy of the ROF), word fl uency and language comprehension (semantic fl uency task 'animals' [35] , Token Test from the Aachen Aphasia Test [38] ). To describe patients' everyday functioning, the Lawton-Instrumental-Activities-of-Daily-Living (IADL) scale [39] was administered to the patients' caregivers. Noteworthy, the eight items of the IADL scale did not always capture impairment in specifi c hobbies occurring in very early AD. The 21-item Hamilton Depression Rating Scale (HAMD [40] ), also administered to caregivers, was taken to measure depressive symptoms.
Complaint Interview
All patients and caregivers were examined with a structured complaint interview covering 13 cognitive domains (memory, attention, orientation to time, spatial orientation, fl uency of speech, word fi nding, reading, writing, executive functioning, abstract thinking, praxia, number processing, and calculation). For evaluation of each function, a fi ve-stage rating scale was used from 1 = 'no complaints' to 2 = 'mild', 3 = 'moderate', 4 = 'severe' and 5 = 'very severe impairment'. Functions were exemplifi ed with short questions (e.g. for memory: 'Does it sometimes happen that you forget something when you go to the grocery, that you do not remember where you put the keys or that you do not remember dates that you have?'). The complaint scores of each domain were summed up with a possible score range of 13-65. Conform with previous studies [2, 13, 18] , the discrepancies between patients' and caregivers' total scores and scores in single domains (calculated by subtracting patients' from caregivers' estimations) were taken as measures of anosognosia. Positive values refl ect unawareness, with higher values indicating higher degrees of unawareness.
Statistical Analysis
Statistical analyses were performed with the statistical software package SPSS 10.0 for Windows (SPSS Inc. UK Ltd, Surrey, UK). Parametric methods (two-tailed paired and unpaired t tests, Pearson correlations, stepwise multiple regression analysis) were used for normally distributed data. In case of signifi cant deviations from the normal distribution tested with the Kolmogorov-Smirnov test, non-parametric methods were performed (Mann-Whitney U tests, Kruskal-Wallis H tests, Spearman correlations). We used the 2 test to compare frequencies.
Results
Subjects
Eighty-two AD patients (32 male) and 79 MCI subjects (41 male, comparable distribution for sex, 2 = 2.691, p = 0.101) were included in the study. Demographic and clinical characteristics of the groups are presented in table 1 . There were no signifi cant differences between the groups regarding age, education, age at onset, and duration of illness. Mean MMSE score was signifi cantly lower in AD than in MCI patients (t = 5.9, d.f. = 159, p ! 0.001) but, as defi ned in the inclusion criteria, reached 6 24 in all cases. In concordance with diagnostic criteria, the IADL scale indicated signifi cantly more impaired ADL functions in the AD than in the MCI group (t = -7.8, d.f. = 145, p ! 0.001). However, the grade of impairment was only mild even in AD patients. Depressive symptoms (reported by the caregiver) occurred in both groups with signifi cantly higher mean scores in the AD group (t = -2.7, d.f. = 157, p = 0.017) but again with mild level in all cases.
Results of the neuropsychological test battery are indicated in table 2 . While the MCI group performed below normative data only in verbal short-and long-term memory (CVLT), impairments in the AD group were observed in multiple memory tasks (CVLT, ROF delayed recall, digit span reverse), visuoconstructive ability (ROF copy), speed of processing and executive functions (Trail-Making Test A and B), word generation (fl uency), and understanding verbal instructions (Token Test).
Complaint Interview Sum Scores. Results of the complaint interview are shown in fi gure 1 . AD patients reported signifi cantly less cognitive dysfunction than their caregivers (21.2 8 6.3 vs. 24.6 8 7.3, t = -4.6, d.f. = 81, p ! 0.001). The discrepancy score (caregiver minus patient reports) was above 0 in a majority of AD subjects (median = 2, range -18 to 26). In contrast, MCI patients reported signifi cantly more cognitive dysfunction than their caregivers (19.8 8 5.5 and 18.5 8 4.2, t = 2.2, d.f. = 78, p = 0.032). Accordingly, the discrepancy score was frequently negative (median = -1, range -19 to 12).
Between-group comparison revealed comparable sum scores of self-complaints in AD and MCI patients (t = -1.4, d.f. = 159, p = 0.138). In contrast, caregivers of AD patients reported signifi cantly more dysfunctions than caregivers of MCI patients (t = -6.3, d.f. = 159, p ! 0.001). Accordingly, the discrepancy score was signifi cantly higher in the AD than in the MCI group (U = 1,854.0, p ! 0.001).
Analysis of Single Domains. It was fi rst analyzed how many functions were reported to be impaired (neglecting the extent of dysfunction). While caregivers of AD patients on average reported dysfunctions in 6.5 8 3.0 of all thirteen domains, AD patients found themselves to be impaired in signifi cantly less functions (4.8 Secondly the discrepancy between patients' and caregivers' reports in the extent of impairment was examined for each domain ( fi g. 2 ). We found signifi cant differences for orientation to space, executive functioning, abstract thinking, and calculation in the AD group. MCI subjects reported signifi cantly more pronounced dysfunction in word fi nding.
Correlations and Stepwise Regression Analysis. Bivariate correlations and stepwise regression analysis were performed to analyze the relationships of the complaint interview to clinical and sociodemographic variables ( table 3 ). In the AD group, no relationship was found between reports of dysfunctions and MMSE scores. IADL scores were positively related to caregiver estimations of cognitive dysfunction and to the discrepancy score (both p ! 0.001, the latter correlation indicating higher degrees of self-unawareness in patients with more IADL dysfunctions). HAMD scores of AD patients were positively associated to self and caregiver estimations of cognitive dysfunctions (so that higher cognitive impairment was reported in more depressed AD subjects), while the dis- crepancy score was negatively associated with the HAMD (p ! 0.01, less discrepancy in more depressed AD patients). Age was negatively related to self-reports of dysfunction (p ! 0.01), so that younger AD patients reported more cognitive defi cit.
In the MCI group, MMSE scores correlated positively with self-estimations of dysfunctions and negatively with the discrepancy score (p ! 0.05, indicating more complaints and higher discrepancies in patients with less cognitive defi cits). There was a trend for signifi cance (p = 0.081) for a relationship between self-evaluation of cognitive dysfunction and HAMD. Furthermore, HAMD was signifi cantly related to caregiver evaluations of dysfunctions (p ! 0.05). While age was negatively related to selfreports, education was positively related to self and caregivers' estimation of cognitive dysfunction (p ! 0.05, i.e. a higher rate of cognitive impairment is reported when MCI patients have a higher education). No relationships were found between the interview and duration of illness in either group.
A stepwise regression analysis was performed using self and caregiver evaluations as dependant variables and MMSE, IADL, HAMD scores, age and education as predictive variables. In the AD group, self-complaints for cognitive dysfunction were signifi cantly explained by the factor age (p = 0.006) (F = 8.102, R2 = 0.106) while caregiver reports were dependent on IADL (p = 0.002) and HAMD (p = 0.002) (F = 16.917, R2 = 0.336, p ! 0.001). In the MCI group, self-reports of dysfunction were pre- dicted by the factors age (p ! 0.001) and HAMD (p = 0.002) (F = 6.714, R2 = 0.157). Caregiver reports were solely explained by the patients' education (F = 5.390, R2 = 0.056, p = 0.023).
Discussion
Our results suggest that anosognosia measured by a discrepancy between self and caregiver reports of dysfunction is a frequent symptom in very mild AD (MMSE 6 24) but not in MCI.
Most [2, 3, 5, 10, 15, 16, [19] [20] [21] but not all [13, 17, 18, 22] previous studies examining anosognosia in AD showed a relationship between diminished self-insight and dementia severity but usually did not include mild AD patients with MMSE scores of 6 24. In contrast to our fi ndings, Zanetti et al. [20] , who examined AD patients from mild to severe stages of disease, found high self-awareness of function in mildly affected patients (MMSE 6 24) but linear decline of insight from moderate (MMSE 13-23) to severe stages (MMSE ^ 12) of disease. The inconsistency may be due to methodological differences (smaller patient sample, other insight scales). In our early stage AD sample, no relationship was found between the 'anosognosia score' and MMSE score. However, anosognosia measurement had a high clinical relevance, since everyday functioning measured by the IADL was a clear predictor for lack of insight both in our study and in that of Migliorelli et al. [5] . Finally, in line with previous studies [8] , our results suggest that age, education, and disease duration are unrelated to self-unawareness in AD.
Other studies examining awareness of single functions revealed that lack of insight might be domain-specifi c [7] . Our own analyses confi rm that the degree of awareness is variable for different cognitive abilities and that underestimation of dysfunction in mild AD is prominent for executive functions (which have been documented to be closely linked to self-awareness [13] [14] [15] ), and abstract thinking. The remarkable fi nding that memory was not judged differentially by our AD patients and their caregivers suggests that lack of insight into memory impairment might develop in later stages of the disease and possibly explains the relationship between dementia severity and anosognosia revealed in other studies.
For our MCI sample we found that patients reported more cognitive impairment compared to their caregivers. Thus either MCI patients' self-reports might not be reliable or they might feel more cognitive diffi culties than noticed by their caregivers. Previous fi ndings already suggested that self-reports are not a reliable measure to refl ect past, current or future dysfunction in age-associated memory impairment, mild cognitive disorder and agingassociated cognitive decline [41, 42] . However, misjudgements of dysfunction in such patients have usually been found in the sense of an underestimation. Albert et al. [43] examined self and informant reports of functional abilities in patients with minimal cognitive impairment (CDR = 0) and questionable dementia (CDR = 0.5) and detected comparable complaints among both groups but lower correlations for self versus informant reports in CDR = 0.5 patients indicating an underestimation of deficits. Tabert et al. [29] studied MCI patients using a longitudinal design and found that discrepancies between informants' and patients' reports of dysfunction occurred in a subgroup of their patients and (retrospectively) predicted future diagnosis of AD. Differences in the inclusion criteria of patients should be considered as a possible source of inconsistencies in the results. While our MCI patients by defi nition had memory complaints and dysfunctions but performed within a normal range in everyday functioning, Tabert et al. [29] defi ned MCI in a broader sense as cognitive defi cits that exceed benign aging but are not severe enough for dementia diagnosis and used ADL dysfunctions as their main outcome measure. In another study, Vogel et al. [44] observed that impaired insight in memory dysfunction was equally frequent in patients with mild AD and amnesic MCI (with CDR scores of 0.5 for both groups). Again, inclusion criteria for the MCI group differed to ours in that subjective memory complaints were not obligatory in their patients. Additionally, lower mnestic functions were required (2 SDs in their study versus 1 SD below mean normative data in our study) and lower cognitive functions were allowed (up to 2 SD in their study versus 1 SD below normative data in our study). To summarize, our MCI sample compared to those in former studies is characterized by higher cognitive and everyday functioning and minor memory deficits. Thus, while MCI patients with more pronounced memory defi cits and minor cognitive functions (which are at the lower edge of the 'normal range') are more likely to underestimate or even neglect their defi cits, 'high functioning' MCI patients as examined in our study seem to be highly critical (or even too critical) concerning their cognitive functions.
In our MCI group self but not caregivers' dysfunctions correlated with MMSE scores. This might refl ect subtle defi cits that are recognized only by the patients themselves but which have no overt impact on global cognitive evaluation or on everyday functioning (also questioning how reliable caregiver reports are, see discussion below). However, this relationship of self-report and MMSE was positive suggesting that patients have a most critical view on their performance especially in the earliest phase of disease. Alternately, lesser cognitive complaint in MCI patients with lower MMSE score might refl ect very early anosognosia in patients more likely to evolve to AD.
Several factors infl uence self and caregiver evaluation of dysfunction. Age has an impact on self-estimation with younger patients reporting more cognitive dysfunction. Possibly defi cits in younger patients contrast more obviously with premorbid functioning. Also, older patients may tend to consider defi cits as a benign aging process. Different from previous studies [8, 10, 11] , our data suggest that higher education is associated with more self and caregiver reports of dysfunction at least for MCI patients, probably indicating that defi cits are more evident in high educated individuals. In line with the literature [12, 16, 17] , we found that depressive symptoms measured by HAMD correlated to self-evaluations in the AD group and constituted a predictor of self-reports in the MCI group leading to high estimation of cognitive impairment. Noteworthy, major depression was excluded in our subjects, and depressive symptoms were lower in our MCI than in our AD group (see table 1 ). Finally, the result that caregivers' reports of cognitive dysfunction is linked to depression points to the methodological question of how reliable informants' reports are. Zanetti et al. [45] demonstrated that caregivers' view on their relatives' functional state is infl uenced by caregivers' burden and should thus be regarded as a subjective measure. Consequently the use of discrepancy scores for the study of anosognosia seems somewhat limited [46] . However, several studies suggest that informant complaints are much more reliable than individual complaints [17, 41, 42] , and that informant reports of memory loss distinguished nondemented from demented individuals and predicted later development of AD [47] .
From a clinical point of view, our fi nding that AD and MCI patients' self-evaluations of cognitive dysfunction are comparable is of utmost relevance. It alerts the clinician to the fact that self-reports of impairments even in mildly affected patients cannot be regarded as reliable and might constitute an overestimation (most probably in MCI patients) or an underestimation (in AD patients) of the actual clinical impairment; moreover, self-evaluation is infl uenced by different factors such as age and affect.
In summary, while most MCI patients tend to overestimate impairments, anosognosia in the sense of an underestimation of dysfunction must be regarded as a clinical symptom of very mild AD (MMSE scores of 6 24). We conclude that medical history even in mildly affected patients should always include information both from the patient and the caregiver.
